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Summary

Past attempts to correlate electrophysiological variables with
behavioural indices of intelligence have been inconclusive. Research to
date, however, suggests that the average evoked potential (AEP) recorded
from the scalp of human subjects may reflect neural correlates of higher
mental activity. The late compronents of the evoked potential are
generally agreed to be the electrical signs of information processing in
the brain. The speed of this process, measured by the latency of
sequential AEP components, is hypothesized as an index of neurological

3 efficiency and possibly the intelligence of an organism. The consequent
hypothesis of a relation between AEP latency and psychometric intelligence
is supported by animal evidence and exploratory work with humans,

This report documents the existence of highly significant inverse
correlations between the latencies of sequential visual evoked potential
components and IQ scores on three conmonly used psychometric tests,

The experimental sample comprised 317 male and 256 female primary
school pupils randomly selected from the population of 7804 children
attending grades 2,3,4,5,7 and 8 in the thirty-nine schools of the Ottawa
Separate School system.

Psychometric data from each subject comprised scores on the Wechsler
Intelligence Scale for Children (WISC), the Primary Mental Abilities Test
(PMA) and the Otis Quick-Scoring Mental Ability Test.

All subjects were also tested physiologically for detection of their
visual aversge evoked potential from the right parietal sensori-motor area
of the brain, AEP's in response to 400 randomly delivered bright light
flashes in a 625 millisecond interval following stimulation were extracted
from scalp detected EEG., Computer analysis was performed to objectively
identify components of the visual AEP. The latency of the first four
sequential components (peaks) of each subject's visual AEP were-inter-
correlated with all the psychometric measures of intelligence obtained,

The major finding of this project is the observation of highly sig-
nificant inverse correlations between the latency of sequential components
of the visual evoked potential and IQ scores on the WISC, Otis and FNMA
tests of psychometric intelligence. High and low IQ subjects show evoked
potential waveforms that are unique and characteristically distinct from
each other., These findings provide positive evidence in supprort of our
general hypothesis of a relationship between the electrical responses of
the human brain and behavioural indices of intelligence, ¥

R D SR At i

A wealth of normative data on the visual average evoked potential and
the three psychometric tests of intelligence used has also been obtairned,

These findings and the work which should follow them couvld have
considerable educational significance. Knowledge of the "neural efficiency"
of an individuszl could serve as an objective, culturally indeonendent. bio-
logical assessment of ment2l potential useful in exploring possible racial
differences in intellirence or wherever standard psychometric tests are
inadequate,
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Introduction

I Essentially, the findings we present in this report indicate that
there is a definite relationship between the electrical responses of
the human brain and intelligence as defined and measured by psychometric
tests.,

In order to understand the nature of this work a few concepts
regarding the electrical activity of the brain must be defined. The
most important of these is the distinction between average evoked
potentials (AEP) and the normal ongoing electrical activity of the
brain referred to as the electroencephalogram (EFG). In all normal
people, minute electrical currents are associated with the activity
of the brain and are detectable from the intact scalp with modern
electronic equipment. Apart from the volurminous clinical literature
in which various forms of brain pathology are related to the EEG,
remarkably little is known about the functional significance of the
electrical activity of the human brain. In normal people the ZEG
shows a wide range of amplitude and frequency variation. The average

; amplitude output of various human brains can range from below 10

' microvolts to over 100 microvolts. The normal frequency spectrum of

| this EFG activity ranges from about 6 Hz (cycles per second) to 80 Hz

! or more. Various freqguency bands of the FEG have been assigned names,

' the most widely known being the "alpha rhythw', which is prominent
near the visual area of the brain and is in the range of 8 - 12 Hz.

Almost from the day that it was demonstrated by Hans Berger in
1929 that it is possible to measure the electrical activity of the
brain from the intact human scalp, attempts to relate variations in
this activity to psychological variables was beguvn. There have been
a nurber of studies dealins specifically with EEG variables and human
intelligence but to date the results of these studies have been con-
tradictory and inconc_usive., Vogel and Broverman in a 1964 critical.
review (1) of the world literature on the question of a relationship :
between EEG varisbles and test intelligence report that such relation- |
ships are evident only in subjects who have relatively undeveloped '
jntellectual function (feeble-minded children) or deteriorated
intellectual function (brain damaged and institutionalized geriatric
patients) and not in normal humans.

i e it

Tt would appear that only limited information can be obtained from
a standard visual analysis of the ongoing EEG. The main variables of
the FIG that have been studied in relation to psychological phenomena
have been amplitude, frecuency, phase relationships, different areas of
£ the brain and in particular the "alpha rhythm" all with little positive
| payoff. ‘

In the early 1950's, a major breakthrough in the study of human ' .
brain activily occurred with the develcoment of techniques for :
detecting average evoked potentials (AEP) from the intact scalp (2).

Essentially evoked potentials can be defined as non-random changes in
the electrical activity of the brazin in response to sensory stimulation.
There is usually a train of evoked potentials or non-random electrical
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, events occurring throughout the brain after presentation of a light

2 flash, audible click or electric shock. But these evoked potentials are
R very small in amplitude and are mixed in with the ongoing ERG so tha

: they cannot be seen with the usu2l methods of analysis. In order to

{r extract these evoked potentials from the ongoing EEG an electronic

‘ averaging device is recuired. The principle of any averagins technique
is very simple. In order to extract a signal (the evoked potentials)
from noise (the ongoing BEG) some features of the signal must be non-
random. TIn this case the latency of the evoked potential components is
non-random. In other words, when a stimulus is presented to the sub ject
his brain responds electrically always at approvimately the same time

L after the stimulus; the ongoing EEG is mixed in with this response but
is not related in time to the moment of stimulation. The averaging
device adds everything, the signal and the noise, but since the noise
is not temporally related to the stimulus it averages towards zero
while the siegnal which always occurs at the same time adds up to some
maximum value representing the averare evoked potential after a
sufficient nurber of identical stimuli have been presented. In this
way average evoked potentials in response to a variety of discrete
supra-threshold stimuli in any sense rnodality can be detected and
studied.,

e Kt 467l e e i e e e e it B

With the recent widespread use of special purpose computers of ,
average transients for the detection of average evoked potentials from i
the human scalp a rich fund of research information has been cbtained. :
The effects of various stimulus variables upon AEP parameters together
with inter-individual AEP differences and intra-subject ALP variations
related to a variety of independent variables have all been well
docunented (3,&). Parameters of the AEP have becen found useful for
differential diagnosis in psychiatry (5), for the identification of
colour blind subjects (6), and for the diagnosis eof hearing disability

(7).

Of even greater significance is the fact that recearch to date
suggests that the average evoked potential recorded from the scalp of
human subjects may reflect the neural correlates of higher mental
activity or information processing by the central nervous svstem.
Parameters of the AEP have been related to numerical problem solving
(8), decision making (9), and the perceptual content of presented
stimuli (10).

Our hypothesis of a possible relationship betwecn the average
evoked potential and psychometric intelligence derived from the con--
sensus that the late components of the evoked potential are the
electrical siens of information processing or associative activity in
the brain (11,12). From this it is reasonable to postulate that a
biologically efficient orgsnism should process information more rapidly
than a less efficient organism and that the delay or latency of com-
ponents of the evoked potenitial could be a measure of the efficiency of
this process. The hypothesis of a relation between ARP latency and
psychometric intelligence is supported by animal evidence from normal
and cretinous rats (13), AEP data from hypothyroid patients (14), and by
preliminary evidence from human subjects (15,1¢). He now report data
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from a random sample of 573 primary school pupils which shows a highly
; significant inverse correlation between visual AEP sequential component
b latency and IQ scores from three commonly used psychometric tests.
; High and low IQ subjects show visual evoked potential waveforms that
: are unigue and characteristically distinct from each other. For the
¥ first time, a definite relationship between the electrical responses of *
the human brain and intelligence as defined and measured by standard
‘ IQ tests has been established. The scope, significance and potential
. applications of this finding are, we feel, virtually wnlimited.
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Methods

The experimental sample in this project comprised 573 primary
school pupils randomly selected from the pooulstion of 7804 children
attending grades 2,3,4,5,7 and 8 in the 39 schools of the Ottawa
Separate School system. Samples of pupils from each of the six grades
were randomly drawn independently, i.e. - 97 grade two pupils were
randomly selected from the population of 1709 grade two pupils in the
39 schools; 92 grade three pupils from a population of 12593 91 grade
four pupils from a population of 1254; 92 grade five pupils from a
population of 1227; 105 grade seven pupils from a population of 1207;
and 96 grade eight pupils from a population of 1148. The working sample
of 573 pupils comprised 317 male and 256 female subjects with the age
distribution shovm in Figure 1 and Wechsler Intelligence Scale for
Children (¥WISC) full scale IQ distribution shown in Figurc 2.

Each subject was given three commonly used tests of psychometric
intelligence: The Otis Quick-Scoring Mental Ability Test (alpha or
beta); The Primary Mental Abilities Test (PMA) which provided individual
ability quotients for verbal meaning, number facility, spatial relations,
reasoning and/or perceptual speed as well as an overall general
intelligence quotient; and the individually administered Wechsler
Intelligence Scale for Children (WISC) which yielded scaled scores on
eleven subtests (information, comprehension, arithmetic, similarities,
vocabulary, digit span, picture completion, picture arrangement, block
design, object assembly and coding) as well as verbal, performance and
full scale intelligence quotients.

A1l subjects were tested physiologically for extraction of their
visual average evoked potential. AEP's from subjects in grades 2,4 and
7 were obtained during January, February and March of 1967. AEP's from
subjects in grades 3,5 and 8 were obtained during January, February and
March of 19468. A random sample of 97 subjects from grades 2,4, and 7
vers also retested one year later to establish the long term reliability
of their visual average evoked potential.

Evoked potential records were obtained in the feollowing manner.
The EEG of each subject was recorded from bipolar scalp contact
electrodes 6 cm. apart over the right parietsl sensori-motor area,
parallel with the midline and astride Ci in the 10 ~ 20 international
recording system (17) with ground to the right earlobe (upward deflection
in reported data indicates negativity of the anterior electrode with
respect to the posterior). Electrode impedances were held below 5K ohms.
The raw EEG was amplified to the required voltage in a bandwidth 3 db
down at 5 and 100 Hz and recorded on multi-channel FM magnetic tane
together with trigeger pulses corresponding to the onset of flash stimuli.
Subjects sat with eyes open in a darkened shielded room fixating a spot
on a reflecting screen five feet away. A photo-stimulator lamp was
located above and behind the subject outside the room so that clicks
from the lamp's gas discharge tube were not audible to subjects. Bright
microsecond duration photic stimuli were delivered according to a uniform
stimlus interval distribution which ranged from 200 to 1£00 milliseconds
(msec). Average evoked potentials in response to LOO stimmli in a 625
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msec interval following stimulation were extracted frem the EEC filtered
6 db down at 3 and 50 Hz by two methods - conventional amplitude swamation
and zero-crossing analysis - uaing the Enhancetron ND-801 digital computer,

Using the first method, 400 evoked responses of each subject were
averaged in the amplitude swmmation manner by the Enhancetron (1024
channels) in alternate response sets of 200 and read out by XY recorder.
Short-term reliability assessments of the average evoked potential and
identification of its sequential components were made by visual croass-
correlation from these graphs,

To eliminate much of the subjectivity inherent in this method of
ATP component identification and to statistically determine the presence
or absence of AEP components a second zero-crossing analysis technique
was employed (18,19). This method facilitated identification of low
amplitude, high frequency and high synchrony components which are
suppressed by the conventional amplitude summation method (20). The
EREG of each subject was converted to pulses corresponding to bassline
crossings where the EEG waveform passed from positive to negative
voltage., A distribution of zero-crossing occurrences against time
following 400 stimuli (Figure 3B) was made by the Enhancetron using its
multichannel scaling mode across 6/ channels.

To test for the statistical presence of non-random ALP components
(significantly large or small zero-crossing occurrences) the chi square
test was used, It is theorctically expected and has been experimentally
demonstrated (17) that under non-stimilated conditions Lhe probability
of an FEG zero-crossing occurrence is equal in any given period of time.
Thus if no evoked potential components were present we would theoretically
expect an equal number of zero-crossing counts in all 6/ channcls. The
chi square test was used to identify divergence from this expectancy at
any specified level of probability. Using this test the number of zero-
crossing channel counts above or below the mean count needed to identify
& non-random AEP component at the 1 and 5% levels of probability was
determined., If the number of zero-crossing counts in any channel. was
greater or less than these specified values a statistically significant
event (evoked potential component) was considcred to be present, These
events were labelled in sequence El, E2, E3 and E4., Each event so
identified corresponded in time to the zero-~-crossing of the average
evoked potential obtained by amplitude summation of the EEG (Figure 34).
A detailed description of the precise AEP component, identification
decision making procedure used is given in Appendices., To gain time
resolution (625 msec/102l compared to 625 msec/64), the amplitude
sumated peak preceding or following each significant zZero~-crossing
event was labelled and its latency from stimulus onset measured with an
error of measurement estimated to be plus or minus 3 msec.

The latency of the first four sequential evoked potential components
detected were intercorrelated with all the psychometric measures of
intelligence obtained using the Pearson r corrclation coefficient across
the entire sample of 573 subjects, The sarnle was also divided into
fast, average and slow responding groups on the basis of the latency of
the third sequential AEP component (E3) and t tests were performed to
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determine possible IQ differences between these groups. lurther, the
. sample was divided into high, avereage and low 1IN groups on the basis
| of WISC full scale IQ and t tests were performed to determine possible
AEP component latency differences between these groups.
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Results and Findings

This section of our report will be divided into a presentation of
vhysiological results, psychometric results and finally findings showing
- a relationship between the physiclogical and psychometric variables,

Without exception, all 573 subjects in our experimental sample
produced characteristic and measurable visual average evoked potentials
from the right parietal sensori-metor area in response to 4CO photic
stimuli.

These potentials were found by visual inspection of their waveforms
to have extremely high short-term reliability. That is the visual AEP
in response to 200 odd numbered sequential photic stimuli was virtually
jdentical in waveform to the AEP evoked by 200 even numbered sequential
photic stimuli. The long-term reliability of the visual AHEP was
examined by retesting 97 subjects after a twelve month interval., Visual
jinspection of these first and second year waveforms indicated as might
be expected that the long-teri reliability of the visual AEP is not as
high as the short~term reliability due principally to the variable
amplitude and phase of low frequency components occurring after 250 msec
' from stimulus onset. The latency of sequential visual AEP components
‘ occurring in the first 250 msec after stimulation was, however, stable

over the twelve month period so that the same sequential components
were identified and labelled on both occasions., Specimen data is
presented in Figure 4 and 5. This long-term stability of visual AEP
component latencies was also demonstrated by data from one subject on
101 days across a ten month period. The following standard deviations
for the latency of the first four sequential visual AEP components wvere
obtained for this subject: El - 4.1 msec; E2 - 3.9 msec; E3 - L.7 msecs
El - 9.7 msec. Our findings regarding the short and long term
reliability of average evoked potentials are supprorted by work in other
laboratories (21,22),

No developmental changes in the latency of visual AFT components
were observed. The latency of sequential visual AEP components bore no
relation to age in our experimental. sample which showed an age range
from 88 to 188 months. Pearson r correlation coefficients between age
and the latency of the first four seguential AEP components El, E2, E3
and EL were all insignificant acress the entire sample (Table 1).

- Further, an analysis of variance revealed that neither age nor the
: interaction between age and psychometric intelligence made a significant
contribution to the variability in the latency of AEP componente. '

No significant sex differences were noted in the latency of
] sequential visual AEP components. Males and females, for example,
- showed mean E3 latencies that differed insignificantly by only 1.26 msec.

Visual average evoked potential component latency statistics for
the entire sample of 573 subjects were as follows: FEl, the first AEP
component showed a mezn latency of 32.8L msec with a standard deviation 2
of 13.57 and a range from 15 to 90 msec; E2, the second sequential AEP ”
_ component showed a mean latency of 77.08 msec vwith a standard deviation

11
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of 15.82 and a range from 35 to 175 msec; E3, the third sequential
component showed a mean latency of 11.9.58 msec with a standard deviation
of 26.70 and a range from 70 to 250 msec; and EL, the fourth sequential
component showed a mean latency of 187,37 msec with a standard deviation
of 4,5.05 and a range from 90 to 430 msec. The laiencies of these four
sequential ALP components are all positively and significantly inter-
correlated. Intercorrelations between adjacent components range from

.59 to .83 and are higher than intercorrelations between non-adjacent
components which range from .34 to .65 (Table 1). These sequential

AEP component latency intercorrelations are, however, not so high as to
preclude the possibility that each component of the visual AEP represents
a distinct phase in the processing of information by the human brain. It
is known that the latency and amplitude of visual AEP components can be
selectively influenced by the form of the stimulus presented (10) and by
the effects of a variety of pharmacological agents (23).

The distribution of the latency of the third sequential visual A¥P
component E3 for the entire sample of 573 subjects is given in Figure L.
It is readily apparent that the E3 latency variable does not conform to
the normal distribution but appears rather to be tri-modally distributed
with a clustering of values below 100 msec, a second major clustering
between 100 and 140 msec and a third clustering above 140 msec. The
form of this distribution may be attributed simply to the method of AEP
component identification or it may in fact reflect genuine important
differences in the functioning of individual human brains.

While a wealth of psychometric data has accrued from this project
which may be most useful tc educators and research workers specifically
interested in the field, we would prefer to keep our comments on these
data to a minimum concentrating rather on the physiological findings and
their relatjonship to the psychometric variables measured.,

As one would expect, psychometric intelligence (IQ) is normally
distributed in our sample of 573 primary school pupils (Figure 2). The
three principal measures of psychometric intelligence used are all highly
jntercorrelated. The Wechsler Intelligence Scale for Children full scale
IQ bears a .61 correlation with the Otis IQ and a .66 correlation with
the Primary Mental Abilities total IQ which in turn correlates .75 with
the Otis IQ. These estimates of concurrent validity compare favourably
with published findings on this subject. Various subtest intercorrelations
are presented in Tables 1 and 2 withoub comment.,

e Kt s o st P Pt S e AU A

The small but significant inverse correlation between age and WISC
" | IQ can be accounted for by our procedure of sampling by grade and the
selective academic failure of older low IQ subjects at a given grade
level.,

The major and most significant finding of this project is the
observation of a relationship between the electrical activity of the
human brain and intelligence as measured by standard IQ tests. }More
particularly we have observed highly significant inverse correlations
between the latency of sequential components of the visual average
evoked potential and IQ scores on the Wechsler Intelligence Scale for
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Children (WISC), the Otis Test of Mental Ability and the Primary Mental
Abilitios test (PMA) (Table 1 and 2). These correlations range in
magnitude from .10 (between Fl and PMA total IQ) to .35 (between E3 and
WISC full scale IQ). Tt would appear that the electrophysiological
measures are related to some common factor tapped by all the inter-
correlated psychometric tests., The correlations of every psychometric
test and its subtests are higher with the late components (E3 and E.4)
of the AFP than with the early components (El and E2), with E3 bearing
the highest correlations of all four components. In view of the large
sample used to generate these correlations and the large number of
individual estimates of psychometric intelligence taken, it is highly
improbable that such a trend could be due to chance, Further, this
observation accords well with the generally accepted position that the
late components of the AEP are reflections of higher mental activity.

While the AEP component latency - IQ intercorrelations ars not
large they are nevertheless highly significant statistically. When
investigating a theoretical problem and/or attempting to relate variables
in the psychological domain to variables in the physiological domain, it
can be argued that even very small correlations, if statistically sig-
nificant, could be indicative of a fundamental law, We feel that such
{ is .the case with the present findings., Tt is our contention that the 4
' latency of sequential components of the visual AEP is an index of neuro-
logical efficiency which manifests itself differentially in standardized
estimates of intelligent behaviour (IR scoress).

The relative magnitude of the latency -~ IQ intercorrelations can
perhaps be explained by the non-normal distribution of AEP latencies
and the somewhat questionable reliability and validity of IQ scores at
the individual subject level (52 subjects showed 10 differences between
the WISC and PMA tests which exceeded 20 points). We have conseocuently
further tested the relationship between AEP latency and IQ with ¢+ tests
across groups of subjects divided on the basis of E3 latency and WISC
IQ (Tables 3 and 4). There can be no doubt that fast E3 latency sub jects
show higher WISC IQ's than average or slow latency subjects. Alternately,
high WISC IQ subjects show shorter E3 latencies than average or low IQ
sub jects,

S

O U

Specimsn AEP waveforms for ten high and ten low JQ subjects are
shovmn in Figure 8, Even without latency measurements it is evident that
these two sets of waveforms are different in configuration. The high IQ
subjects show high frequency early components in the first 100 msec which
are not present in the AEP's of the low IQ subjects., We are presently
vorking on the developnent of a computer pattern recognition technique
vhich should obviate the measurement of AEP component latency and in turn
identify high, average and low IQ subjects simply by the configuration of
their AEP waveforms,

It is knowm that a large number of variables alfect the waveform of
the visual A%P particularly in thc amplitude doimin (24 ). The inter- l
individual AEP component latency differcnces noted in our sample, however, i
are rmuch greater than any latency changes attributable to variables such ,
as attention, arousal level, pupil diarcter, cte. It was impossible to s
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FIGURE # &: VISUAL AVERAGE EVOKED POTZ2ITIAL WAVEFORMS FOR TEN HIGH and LOY
IQ SUBJECTS.
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control all potentially interfering variables in this study but it is
highly unlikely that the observed relationship between visual AEP
component, latency and psychometric intelligence could be attributed to
any of these uncontrolled variables.

Figure 7 shows the distribution of high, average and low WISC IQ
subjects for each value of E3 AP latency. This figure provides for
the identification of "anomalous" subjects, i.e. - subjects whose
performance on the IQ test does not accord with their AEP latency as
predicted by the inverse relationship between these variables observed
across the entire sample. AEP latency was assumed to he a fixed
physiological measurement which should predict IQ, a measure known to
vary across testing occasions. With this in mind we classified the
entire sample into six groups of "anomalous" subjects as follows: a)
five subjects whose AEP E3 latency was faster than 100 msec but wvhose
WISC IQ was below 913 b) seventy-eight subjects whose E3 latency was
faster than 100 msec but who showed WISC IQ's in the average ranze (92
-118); c¢) one subject whose E3 latency was longer than 140 msec but
who showed a WISC IQ above 119; d) forty-two subjects whose E3 latency
was longer than 140 msec but who showed WISC IQ's in the average range;
e) forty-five subjects whose E3 latency was in the average range (100 -
140 msec) but who showed WISC IQ's of 9) or less; and f) forty-six
subjects whose E3 latency was in the average range but who showed WISC
IQ's of 119 or higher. In all, 217 subjects or 385 of our sample were
classified as "anomalous". One hundred and twenty-eight of these were,
however, termed "acceptable anomalics", i.e. = subjecte whose IQ per-
formance was lower than would be expected on the basis of their AEP
latency. Examination of the protocols of these subjects revealed a
high percentage of children with obvious English language deficiency
which undoubtedly lowered their IQ's on the psychometric tests used.
Fifty-seven of these subjects were retested using the Raven Progressive
Matrices and the Goodenough Draw-A-Man Test, two estinmates of intelligence %
presumed to be "culiure free". Twenty~eight of these children demonstrated '
higher intellectual capabilities on the language-free retesting and were
consequently reclassified as '"non-anomalous", Their psychometric estimate
of intelligence was now congruent with their ANF latency. The remaining .
twenty-nine subjects did not show a significant increese in IQ estimate t
on the languasge-free retesting. Nineteen of these children, however, were
Italian born and were being reared in a deprived socio--economic climate.
Discussions with their teachers emphasized the fact that all of these
children manifested anti-intellectusl attitudes and had little orientation
toward abstract problem solving sets and situations. Perhaps the dis-
crepancy between their AEP latency and psychometric intelligence points
to a bioclogical intelligence potential which has not as yet found any
chanriel of expressive behaviour., Eighty-nine subjects or fifteen percent
of the sample were classified as "non-accevtable anomalies" i.e. subjects
whose psychometric IQ was higher than would be exnected on the basis of
their AEP latency. Only one of these subjects with an E3 latency of 145
msec and a WISC IQ of above 119 could be considered seriously anomalous.
Vle intend to proceed with a longitudinal follow-up of these '"non-acceptable
anomzlies" in search of a possible explanation of their AEP latoncy - IQ
discrepancy.
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Conclusions and Recommendations

We are confident that our data has clearly demonstrated for the
first time the existence of a relationship between the electrical
responses of the human brain and intelligence as measured by standard
psychometric tests, The importance of this relationship will be Judged
by the research it generates, and by acceptance of the concept of neural
efficiency. Cross-validation by independent investigators is immediately
suggested and is in fact in progress at three different laboratories.

The study has also provided a wealth of normative data on the
visual evoked potential and three widely used psychometric tests of
intelligence from a random representative sample of primary school
pupils. A unlque additional accomplishment is the development of a
computer program for objectively analysing and measuring evoked potentials
(appendix I).

Despite the size of our sample and the statistical significance of
our findings we would suggest that these results be considered only as
the first step in identifying the electrophysiolegical correlates of
hunan intelligence. The next obvious steps should be the exploration of
evoked potentials from a variety of unique coriical areas in response to
auditory and somatic stimuli in relation to psychometvric intelligence.
It may be possible to develop a composite index of "neural efficiency"
based on evoked potential data from a variety of cortical areas and in
response to stimuli in three modalities. An exploration of the relative
predictive efficiency of evoked potential latency as opposed to psycho-
metric IQ in forecasting academic achievement and other accepted criteria
of intelligent behaviour should be undertaken.

In the long run, our present findings and the work which should
follow them could have considerable educational significance. Knowledge
of the "neural efficiency" of an individual could be useful as an
objective, culturally independent biological assessment of mental potential.
Such a measurement could be made at any age even intrz-uterine. Questions
of racial differences in intelligence could be approached and possibly
resolved by this method., Standard IQ tests would not be replaced by this
method but would be supplemented by it especially in cases of language
difficulty, psychological problems or under any conditions where standard
1Q tests are invalid. From here on the theoretical develepment and pra-
gmatic exploitation of our findings are limited only by time, funding and
the justified skepticism of a small segment of the scientific community.

23

ncserinsh i

¢
S

S L P

e e e e ™,



2)
3)
L)
5)
6)
7)

8)

9)
10)

11)
12)
13)

14)
15)

16)

References

Vogel, W. and D,M. Broverman, "Relationshin between EEG and test
intelligence: a critical review", Psychol. Bull, 62, 132 (1964).

Dawson, G.D., YA summation technique for the detection of small
evoked potentials", FEG clin. Neuvrovhysiol. 6, 65 (1954).

Katzman, R. (Ed.), "Sensory evoked response in man", Ann. N.Y, Acad,
Sci, 112, 1 (1964).

Cobb, W.A. and C, Marocutti (Ed.), "The evoked potentials", KRG Clin,
Neuronhysiol. Suppl. 26, 1 (1968).

Callaway, E., "Averaged evoked responses in psychiatry", J. Nerv,
Ment. Dis. 143, 80 (1966).

Shipley, T., R.l/. Jones and A. Fry, "lIivoked visual potentials and
human colour vision", Science 150, 1162 (1.965).

. |
McCandless, G.A., "Clinical avplication of evoked response audio- ‘i
metry", J. Speech and Hearing Res. 10, 468 (1967).

Chapman, R.M. and H.S. Bragdon, "Evoked responses to numerical and
non-numerical visual stimuli while problem solving'", Nature 203,

1155 (1964).

Davis, H., "FEnhancement of evoked cortical potentials in humans
related to a task requiring a decision", Science 145, 182 (1964).

John, F.R., R.N. Herrington and S. Sutton, "Effects of visual form
on the evoked response®, Science 155, 1439 (1967).

Jolm, E.R., D.S. Ruchkin and J. Villegas, "Experimental background:
signal analysis and bechavioural correlates of evoked potential
configurations in cats", Ann., N.Y. Acad. Sci. 112, 362 (1964).

Libet, B., W.W, Alberts, E.W., Wright,Jdr. and B. Feinstein, "Responses
of human somatosensory cortex to stimuli below threshold for conscious
sensation", Science 158, 1597 (1967).

Bradley, P.B., J.T. Bayrs and N.M. Richards, "Factors influencing
potentials in normal and cretinous rats", ELG clin. Neurovhysiol., 17,

308 (1964).

Nishitani, H. and K.A. Kooi, "Cerebral evoked resvonses in hypo~
thyroidism", EEG c¢lin. Neurophysiol. 24, 554 (1968).

Chalke, F.C.R. and J. Ertl, "hvoked potentials and intelligence™,
Life Sciences 4, 1319 (1.965).

Ertl, J., "BEvoked potentials, neural efficiency and IQ", paper
presented to International Symposium for Biocybernetics, Washington,
D.C., February 1968, ,

2,




O T i .

il

17) Jasper, H.H., "The ten twenty electrode system of the international
federation", EIG clin. Neurovhysiol. 10, 371 (1958).

18) Trtl, J., "Detection of evoked potentials by zero-crossing analysis",

N EEG clin. Neurovhysiol. 18, 630 (1965). , '#

5 4!

19) Krekule, I., "Zero crossing dctecction of the presence of evoked Hi

; responses", EEG clin, Neurophysiol. 25, 175 {1968). {E
l§

' 20) Ertl, J., "Evoked potential recovery from tape reccrded zero crossings |
: of the FEG", EEG clin. Neurophysiol. 22, 387 (1967). 'E
31

|

21) Dustman, R.E. and E.C. Beck, "Long-term stability of visually evoked :?
potentials in man", Science 142, 14&0 (1963). ﬁ

- 22) Werre, P.F. and C.J. Swith, "Variability of responses evoked by
} flashes in man", BEG clin. Neurophysiol. 17, 6Lk (1964). f
|

23) Domino, E.F., G. Corssen and R.B. Sweet, "Effects of various general
anesthetics on the visually evoked response in man", Anesthesia and

Analgesia 42, 735 (1963). o

2,) Beinhocker, G.D., P.R. Brooks, E. Anfenger and R.M. Copenhaver,
"Ilectroperimetry", JEEE Trans. Bio-Med, Eng. 13, 11 (1966). |

bt o N Y

s T U O O ry DU
T ——————— SIS 7=

[y




1.0

Appendix I

Development of a Digital Data Acquisition and Computer Based
Analysis Facility for Electroencephalographic Data.

Introduction

The analysis potential of currently available laboratory
instrumentation for bio-medical research is restricted to a limited
nunber of special purpose functions. They do not lend themselves
readily to the exploration of more sophisticated analysis procedures
either because of limited storage, restricted logical capability or
insufficient speed. It was therefore considered desirable to
develop a dizital data acquisition and analysis facility which would
allow us to take advantage of available large scale digital computers,

The digital data acquisition system was to include an analog to
digital converter with two input channels. Recording was to be
carried out on digital magnetic tape with conservative performance
requirements in order to ensure reliable operation.

The data analysis facility was to consist of various programs
for the formatting of the digital data and for their analysis by
means of a variety of statistical procedures. The vltimate aim
would be the elimination of all visual interpretations of dats by
specialised personnel and the optimisation of identification stra-
tegies with respect to the research objectives. The PHASE IV C
program currently under development is an attempt in this direction
(see Appendix II). :

It was considered essential to develop this facility in stages
so that the investigator would never lose contact with the physical
significance of the data and consequently establish confidence in a
new tool. For example, it was considered desirable to provide a
computer print-out that would resemble familiar graphical represen-
tations of data,

The progress report contained herein, attempts to describe in
summary form the current status of the faciiity in section 2,0. In
section 3. a summary description of the sequence of events over the
past year leading to the present status of the facility is given.

All programs arec in an advanced state of detailed documentation.
Finalisation is awaiting completion of the final processing of 30
subjects that are now transcribed on digital tape. However, for the
convenience of other interested users who are supported by the U.S.
Office of Education, these voluminous documents can be made available
on request,

The time schedule for the development of the facility has

slipped very badly. The initial delays of the equinwent delivery
were compounded because of replacement of the IBHN 36C-L0 cowputer
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at the University of Ottawa to a model 360-65, The transfer of
prograrming assistants who participated in the earlier stages of
the program also contributed to the delay.

As a consequence of the delays, we do not have a sufficient
analysis of data by digital methods. However, we are including an
exarple print-out of the PHASE IV A analysis that illustrates the
output from this progran (see Appendix ITI),

Summary Description of the PHASE III Frogram for the Conversion of
Digital Data from 7-Track to 9-Track Tape

This program accepts data recorded on 7-track 200 BPI, odd
parity magnetic tape which is generated on the data acquisition s
system described in 2,0, and contains one or more files per reel,
Each file consists of a header record that is followed by an
arbitrary number of dats records, each separated by an inter-record
gap. The header record contains information on the file length and
the format of the data characters.

The PHASE III program accepts also one pair of punched cards
for each data channel that is digitised by the data acquisition
system, The information contained on these cards is used to verify
the tape header and to extend the header with information about the
subject name, sex, age and other key data.

On reading and identifying a tape header the PHASE III program
will demultiplex the data and add 32 or 2048 to each data point
depending on the recording format being in the 6-BIT or the 12-BIT
mode respectively. The resulting data are then recorded on 9-track,
800 BPI tape using the I2 or the IL4 format. The data are blocked
up to 10 records per block and the tape is preceded by a labeled

file,
Summary Description of the PHASE IV A Program

The PHASE IV A program accepbs data from a 9~track digital-
magnetic~tape-recording generated by the PHASE III progran described
in section 2.1. The program is equipped to accept data unconditionally
from the input tape or to select a specific subject on the basis of:

-~ Jdentification Code

-  Sex
- Age
- Grade

- Filter Type
- 1Q Score

Following the reading of the data, the program will preprocess
these by removing the bias and converting to floating point.
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The following analysis will then be executed:

For convenience of notation let the Ith data point in the Jth
block be XJ(I) where I=l1,...yM. J=1,...3N. This subroutine

will perform the following calculations on N blocks of data,
each containing M data points, which are read from a magnetic
disc associated with device code number 12.

1) An amplitude average for back data point' in a block over

the N data blocks is calculated and stored in array XAV
where

Xav(J) = —llq

| g |
it M=

XI(J) for J=1ly...4M
1 ' .

2) The standard deviation from the mean is stored in array
SIG '

N _ |
SIG(J) a[-_l_m ST [%X(J) - XAV(J)]? for J=ly... M
3) The upper limit of the confidence interval over two
standard deviations will be stored in array ALIM
ALIM(J) = 2%SIG(J)//N for J=1ly... M
4) The average upper limit of the confidence interval is
computed from

. M
ALIMAV = & S7 ALIM(J)
M J=l

5) Array EXAMP indicates when, and if so, by how much an
average amplitude exceeds the confidence limit. It is
computed from

EXAMP(J) = 2%XAV(J)/ALIMAV when |XAV(J)l > ALIMAV
= 0 otherwise for J=ly..e )M
6) The mean value of ‘the average of the amplitude is found
M

XAVAV = %4- 57 XAV(J)
M =1
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8)

9)

10)

11)

12)

The RMS-value of the amplitude averages is computed from

=

XAVRMS = [xAV(J) ]2

=k

J=1

A count of the number of zero crossings is stored in
array H(J) J=1,...,M. A zero crossing has occurred
at*the instance J

+if sign (XI(J)) is positive and sign (XI(J+1)) is negative

and if [XI(J) + XI(J+1)] > 0

else the zero crossing occurred at the instance J+1.

The mean count of zero crossings is computed from

M
X H(J)

HAV = &
: J=1

L
M

A smoothed zero crossing histogram, using the weights
ALPO,ALPl,ALP2,ALP3 as provided by the calling program,
is stored in array HS where

HS(J) =0 le,2,3,M"2,M’1,M

HS(J) = [ALP3*(H(J-3) + H(J+3)) +
ALP2%(H(J-2) + H(J+2)) +
ALP1*(H(J-1) + H(J+1)) +
ALPO¥H(J)]/2(ALP3+ALP2+ALP1) + ALPO)

Array EXZERO indicates when the smoothed zero crossing
histogram exceeds the 95% and 99% confidence limit.
EXZERO is determined as follows

EXZERO(J) = + 95. if HS(J) - HAV > /1.92%HAV
= 4+ 990. if HS(J) - HAV >  /3.31%HAV
= - 95, if HS(J) - HAV < -/1.92%HAV
= - 990. if HS(J) - HAV < =/3.31%HAV
= 0 everywhere else

for J:4555o-o,M“30
EXZERO(J) = O for J=1,2,3,M-2,M-1,M

A count of the number of peaks is stored in array
HP(J), J=1,...4M. A peak has occurred if

Sign {X;(J-1) - X;(J-2)} is positive and
Sign {XI(J) - %X;(J-1)} is negative,
and will be counted at the instance J-1.
. 30
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13)

14)

15)

16)

The mean count of peaks is computed from
L M
HPAV = & Y7 HP(J)
J=1

A smoothed peak occurrence histogram, using the
weights BETO,BET1,BET2,BET3 as provided by the calling
program, is stored in array HPS where

HPS(J) = 0 J = 1,2,3,M-2,M-1,M

HPS(J) = [BET3*§HP(J-3) + HP(J+3)) +
BET2%(HP(J-2) + HP(J+2)) +
BETl*(Hng-l) + HP(J+1)) +
BETO* HP(J)]/(2(BET3 + BET2 + BETl) + BETO)

Array EXPK indicates when the smoothed peak occurrence
histogram exceeds the 95% and 99% confidence limit and
is determined from

EXPK(J) = + 95. if HPS(J) - HPAV > /1.92%HPAV
= + 990. if HPS(J) - HPAV > /3.31%HPAV
= - 95, if HPS(J) - HPAV < =/)..92%HPAV
= = 990, if HPS(J) - HPAV £ -/3.31¥%HPAV
= 0 everywhere else

for J=4’5’000’M-3
EXPK(J) = 0 for J=1,2,3,M-2,M-1,M.

Elements of the array XAV from XAV(JL) to XAV(JH) are
Fourier transformed. The amplitude and phase of this
transform from frequency f = FL to f = FH Hz is
calculated and stored in arrays AFSQR and PHI
respectively. The phase calculation allows for the
fact that the specified JL may be greater than 1. An
array FRQ is generated, which contains the frequencies
at which amplitude and phase have been calculated. The
quantities that are generated a&s described above are
communicated to subroutine HEADPR through the labelled
common/PRINT/.
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3.0 Evolution Chart for the Development of a Digital Data
[ Acquisition System and a Digital Data Processing Facility .
- ~on Large Computers, U.S.0.E. Project No. 6-1545 | .
f. Sept. 1, 1968 E.R.F,
| DATE .
~ Start | Finish Link Job Description Remarks
|
Jul. '67 Specifications for Digital Data
Acquisition System and Request for ‘
Quotation
+ .
Aug. '67 ssue of Purcﬁfse Order -
: Jan. '68 Test tape submitted by Mnfctr.
| Jan.15 i
Mar.22 '68 |System m delivered, installed, checked-
i \out and accepted
Sep.2 | Sep.18 '67 Specjification of Phase IIT Program for i
the conversion of 7-track to 9-track tape ‘
N Sep.18 . Sep.26 '67 mplementationJéf Phase III Progr. by g
' FBM system engineer. on Univ. of Ottawai At this time the
360 -Mob, 40, ; luniversities 360-40
: 3 was being replaced -
Jan,'68 Mar.8 '68 L___lCheck-Out: of Phase III Program on IBM : by a 360-65. The
I >360-MOD._65 at Dep._of Revenue ! .IBM systm. engineer
j Iwho developed the
. | IPhase II1 program
Jul.'67 evelopment of a Pseudo-Random Pulse had been trans-
Dec.'67 Eenerator Compatible with System ferred and the com-
Specifications. put1ng centre . .. |
Y dec1ded against.
Jan,'68! Jul.'68 Aquisition of EEG Data on Analog Tape, ‘ma1nta1n1ng 7-track
v i input contrary to
Apr. '68 Off-Line Translation of Preliminary initial agreement
—est Cases on 7-track tape :
. N ¥ ‘At this stage other
; May Jun. '68 ‘konversion of one reel of 7-track to computer facilities ||
f 9-track tape %ad to be used l
i because 7-track 1
I 'service was no %{
L !longer available at’
i lthe U. of Ottawa. }g
: | |Th1s lead to K
; various delays and §
(complications. .
| i
T T e 1
P ;

* e t-lang . l ' . J;
3 -
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DATE

Start | Finish Link | Job Description I, Remarks
!Sep. '67 ESpecification of General éurposé'Sub;

lprogram for Digital Filtering via Fast

I [ ]
; iFourler Tranform,

o - et Sttt e G eam . - ‘..—-—._.

| , . U —_
Dec. '67 Tmplementation in Fortran & Check-out

lon IEM 360-50_at NRC.

roan rv———- o —— ——— > A% 4 1O o, A - © S e St -

ﬂ Nov. '67 :Specification of General Purpose Sub-
.program for Graphically Enhanced Print-
jOut R R
, l ;
Nov. iJan,'68 ”JImplementatIBﬁ'ih'fgffféﬁ“EHH”ChEEK:BEE' i
jon IBM 360-50 at NRC. e ‘

Nov.'67 Jan.5 '68 iSpecification of Phase 1V A Program for
the Preliminary Analysis of EEG Data from
i9-track tape. This program provides for
lamplitude averaging, peak and zero-cross
'counting, statistical exceedance calcula-
}tion and fourier transform of average

‘evoked response,

!
e mre e Moot temmaw e s
a fImplementation of Phase IV A Program on

Jan, Feb, '68 -

Voo
I

Feb. June '68 ———>Check-out of Phase IV A at NRC. | . |This unusual delay
i L . {is a consequence
Jun. Sep. 15% ‘Transfer of the operational Phase 1V A| . /of a variety of

— Program to the University of Ottawa J technical and ]
‘ IBM 360-65 l personnel factors. |
During this inter- . |
val the university ' I
CCMP. CNTR. also !

sion not to pro-
vide 7-track tape
service. This
Lifrvice is now

a

Aug. '68 'Off-1ine translation of 30 subjects to |

{7-track digital mag. tape ‘

}
|
x
| O
Cf) 'l reversed a deci- i
i
i
|
!
!

Sep.20% [Conversion from 7 to 9-track tape at | vailable. -

bniversity of Ottawa 360-65

A e Y e e L AT S A S T At A S S S S T e e
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b |
Date l
Start Finish | Link | Job Description | Remarks [
Sep.23% | !
| Sep.24% Analysis of Program by Phase IV A i §
Program at University of Ottawa g
- A e ]
Sep.27% [Evaluation of Results from Analysis | ]
D
___________ i
Jul,.10 Specification of Phase IV C Program ]
Aug.30 —>.|for the Identification of Significant §
Latencies by a Two Level Strategy. g
1 . : ’
Sep.2 Implementation on IBM 360-50 at | ?
Sep.27% NRC S
Oct.1l* "Analysis of Data and Program Check-~
:Oct, 5% —Qut
Oct.8% v |Evaluation of Results
Oct.l* ) wagfransfer of Phase 1V C Program to
Nov,*% University of Ottawa 360-65
]
[
!
|
%
|
E
’ % estimate, %% guess
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APPENDIX X1

SPECIFICATIONS FOR THE PHASZ IV G PROGIAM

k)

FOR THE ANALYSIS OF AVARAGK LUOKED RESPONSIS OF THE RHG

Submitted by E.R. Funke

1.0 Introduction

The program described here is an extension of previous computer
programming and analysis that was executed. It is the first attempt to
formalise the identification of significant peaks of the average evoked
response, an operation that was heretofore restricted to visual interpretation
by specialists,

The strategy for the identification of significant peaks described
here follows an analysis of the raw data similar to that performed by the
PHASE IV A program. This analysis is described iﬁ theltext below but reference

to the PHASL IV A program description should be made when necessary.

2.0 Conversion of Data Prior to Analysis

The data are recorded initially in the g volt region, they are
then amplified by an amplification factor, C, which is contained in the header
record preceding the data. 'This amplification brings the data up into the
voll region compatible with analog magnetic tape recording requirements, which
is approximately 3 volts peak to peak.

On play-back the analog magnetic tape recording may have to be
filtered and slightly attenuated., The filtering operation must always include
an adeguate high pass cut--off in order to eliminate all d.c.-bias from the
signil. The attenuation on the other hand is to bring the filtered signal
into the 11 volt range of the converter (i.e. 2 volt peak to peak) and the

attenuation constant, AT, should be contained in the header record.
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The converted analog samples are then recorded on 7 - track

digital magnetic tape either in the 6-bit or the 12-bit format. The particular ‘

ﬁ IF = 2 respectively. The PHASE III prosgram converts data from 7 to 9 track

tape and during this process, formats the data to be Fortran compatible. An

T e e el

choice of format is also specified in the header record and is IF =1 or ]
t

f

;

%

%

off-set, K , is also introduced at this point in order to conserve tape

--,

storage requirements.

The particular requirements of this program do not necessitate |

scaling of amplitude values, However, conversion to REAL format will be

PR L LTI

T —

convenient to avoid overflow during data analysis,

The analog to digital converter will be set to sample the continuous

analog record at the rate of once every 2 milli second., However, for the
l
purpose of this analysis only every third data sample will be required.

-

Therefore the samples used in this analysis are spaced by 6 milliseconds in
real time and the program rmust therefore set A T = 6.0 . ;

The following preprocessing will be reguired: If IXi(JJ) is the

JJ th sample in the ith record of an experiment, then

xi(J) = 1% (3%J -1) - K

for J=1,2,3 cees , J:nt%‘}

where M are the nunber of samples per record
as specified by the data header and I
K is the off~set which is |
= 32 for format JF = 1 and
= 2048 for format IF = 2 ' , |

3.0 General Structure of the Phase IV ¢ Program

The Phase IV C program should be structured generally as the

Phase IV A prozram except for the intermcdiate data storase on disk. All
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other features of selective tape search and header print-out of the Phage IV A

must be preserved. Intermediate data storage will not be required here as the

following data analysis demands no more than onc access to the data.

) },.0 Data Analysis for Phase IV C Program

After preprocessing the data will be available in N blocks of

M
Int{?igwords each and will be in REAL format. Xi(J) will be defined as the
(

J'N element in the ith record for J = 1,2, eceees Inti%}and i=1,2,3,.00 N.

The following computations will be performed:

l,.1 The Amplitude Average (Average Evoked Response)

N

y
XAV(J) = § : X, (9)

N7
Am&%

i=l

l,.2 The Mean Value of the Amplitude Average

For DM = Int {13}
DM .
compute: —
XAVAV .—.—.{%ﬁ > | XAV(J)}. 1 volts
J=1 K

= 32 computer units per volt for format IF = 1 and
= 20,8 for format IF = 2 as specified in the header

record.

This mean valuc of the amplitude average is 3ncluded in the analysis

mainly for the purpose of a check on adeguate high pass filtering prior to

conversion as this mzan value siould be reasonably close to zero.

If this mean value must be interpreted in terms of micro~volts oy

any reason, bthen the print-out should be divided by the factor (AT'C) wnere
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AT is the attenuation factor and C is the amplification factor as contained , j

in the hecader record.

L.3 Zero Crossing Calculations ;

A zero crossing is defined as the event of a change of sign of the
continuous variable Xi(t) in a negative going direction. Because of the time
discrete representation of the continuous variable we shall define the zero
crossing as follows:

A zero-crossing has occurred

IF SIoh (X, () = positive and SIGN (X,(J#1)) = negative. Tnis
crossing is counted at the instance dJ

IF [Xi(J) + X1(J+12] > 0,

othervise it is counted at the instance J+l.

These tests are performed on all the data Xi(J)' All events of

zero crossings are counted in the array Ci(J)‘ From this one may calculate

R e A

the frequency of occurrence histogram:

.
N e e e e e ey
> — e D

H,(9) = 1, _,(J) + ¢, (J)

for i =1,2,3 «e.eoN

e - e I e e O S SRS R o A M S S S
r .- . -~ . "

vhich is equivalent to
N

—
H(J) = 2_% Ci(J)

i=l

The mean count of zero crossings is given by:

DI’-Iz
HAV = —%- H(J)
o J

J=1

where Di{ = Int(%?las defined before.
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L., FExceedance Calculations

* ‘ L L] th o
To test if the frequency count of zero crossings in the J7 time
cell exceeds the theoretically expected value the following method is used

(see GUILFORD p. 237, formula 11.7).

Assuming that the freguencies of occurrence of zero-crossings,
H(J), are uniformely distributed over the range 15 Js Int<(N73} and
assuming that HAV is a reasonable approximation to the expected value of the
frequency of occurrence for all J, then the ratio 2.(H(J) - HAV)Q/HAV is
distributed as a chi-square with onc degree of freedom. Tor example for a

99% confidence interval H(J) must therefore fall in the region

HAV - {5730 % HAV < H(J)< HAV +{3.31%HAV .

For reasons of convenience and as the following strategy for latency
jdentification is based on tests for exceedances of at least two levels,
which may in addition be modified to explore the most suitable thresholds

of decision, an exceedance array shall be defined as follows:

For J=1,2, teeess Int {1/3} s
EXZRO(J) = +95 if H(J) - HAV ”JA:p HAY
== +990 if H(J) - HAV 2= JBL ¥ HAV
= -95 it H(J) - HAVZ ~{AL % T HAV
= ~990 if H(J) -~ HAVS ~(B1 BT ¥ HAV
= 0 . everywnere

The resulting array EXZRO will be used in the following strategy

for peak identification., Following this, the array H(J) will be reanzalysed

using a different confidence interval. This implies substitution of A2 and

B 2 for Al and Bl in the excecdance calculations above. Tune values for Al,

A2, Bl and B2 are to be specified by one control card in the beginning of
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the prograim.

Typical values are:

Al = 1.92 and Bl = 3,31 corresponding to the 99 and 95% levels
A2 = 1.7 B2 = 3.00 corresponding to the 97 and 93¢ levels.

| 5,0 Stratery for Latency Identificabion

The following 7 rules describe the strategy of signi

ficant latency

{ jdentification as described by Dr. J. Ertl. It may be noticed that a latency
is the time displacement of a certain significant peak of the Average Evoked
Response (AER) from the instance of the stimulus. The exceedances referrad

; to in the following rules are the events of statistically significant
occurrences of zero crossings with negative slopes.

Rule 1) If the exceedance is +99%, then the event is the latency of the

i

| largest maximum preceeding the +99¢ event but following the last
preceeding ~95% or ~99% event,
2) If the exceesdance is =99%, then the event is the latency of the
largest maximum following this -994 event but preceding the next
é +95% or +99% event.
3) If the exceedance of +95% is immediately followed by anothpr +§5%
exceedance, then it will be treated as a 1999 exceedance,
L) If the exceedance of ~95% is immecdiately followed by another 959
exceedance, then it will be treated as a -99% exceedance.
5) If the exccedance of +959 follows an exceedance cf -959 then the

event is the latency of the largest maximum following the -95%

exceedance.
%. 6) Adjacent exceedances of weight 99% are considered to be the same
event., |
7) The latency must be greater than 15 milliseconds from the origin

of the average evoked response.

~
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3

Fig. 1 and 2 are the flow-charts of the proposed program

implementation of this strategy. From this flow-chart the following 3

essential rules emerge:

RULE 1: If the exceedance is +96%, then the event is the latency of the
largest value of the AER preceding the +9977 exceedance but either
following the last preceding negative exceedance of =95 or -99%
or the 15 millisecond latency whichever occurs latest,.

RULE 2: Tf the exceedance is +95% and if the exceedance just following
this is also +95% or +99%, then the event is identified as per
RULE 1. |

RULE 3: If the exceedance is +95% and if there has been a preceding
negative exceedance of -95 or ~99% that occurred after the last
positive exceedance or after the 15 milliseconds latency whichever
occurs latest, then the event is the latency of the largest value
of AER preceding this +95% exceedance bub following the last

negative exceedance of -95 or =997,

In order to be more general, the following flow-charts use 1.1 and

L27 rather than 95 and 99%.
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SUBROUTINE BYRHT L (KX, A, I, M, IRL1, JRL2, INL3,AT) ;

L=15./T+ 0.5 f’
0

r""‘"“ﬁ" J=1,H

TRLL(J)=11L2( ) g
=TRL3(J)=0 |
!

S

JMLST = 1, ;
IBR = 0O _ t

e
b
- !
=L, "14274
T C ) - O\rF L1% or N -
0 =1
T TN F
(x(0)2100 ) .
\\ 12% (i.e. 990) T C‘Q{(J*‘l)'?lO)‘” g “
L1% and L1% __IC—'*-“—'M)F | :
N or IBR 2~ O y 8
L1% and L27 L1¢ after |
& , ~12% or ~11% !
CALL CALL CALL
INDX(A, JHLST,d, J¥XD TNDX(4, JVMLST, J, JiX) INDX (A, JMLST, J, J1X
| J | |
3 IRLL (1) = TRL2 (JNK) = IRL3 (JiX) = |
\ IRLL(0X) + 1 TRL2(JNY) + 1 TRL3(JMK) + 1 #
i\\. J V ]
.\\' ’k\
IBR =

&
;a
!
{
¢
I
!

G&)TURTI

b2 17, 1

oo Do o Ut A0 i Al e Ak e oot e = A
g - . T 1 . B & L P v N M O
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SUBRUTTYS Tl (A, JALST, J, J¥X)

AvX = A(J1LST)

4

T / ) F
—{ M) - mx > }»—

[

bl avx = A(JJ)

[JNX = JJ

O,

RETURN
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SUBROUTIH:s LATHCL (IRL1, TRI2, L, I, DELT)

(1) = 0. )
IE(I) = 1

# ten teim o

I 3

fanc W0 j . ‘
‘k\‘” {' it
“’E‘ya 7 ; ~ ) |
"O"’M FOR I = 1,2,3,4&5 . x

S

. — -~ oy Eq

PRINT: FOR J=TE(T) ”
E(T), TRL1(J),TRL2(J), |
IRL3(J) TOTAL 3

:

TOTAL =

" TRL + TR2 + TR3(J) |
RETURN |
' |

,g

FIG. 3
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D i A

PRINT-OUT FOWAT, TABL% I f

J

|

) ]
< {
i |
FTRST LEVAL :f

!

LATENCY M. SEC. RULE 1 RULT, 2 RULE 3 TOTAL i

I

El 32. 1 0 0 1 K

|

<i

E2 L6, 0 1 0 1 ]

E3 102, 2 0 1 3

Eh 160. 1 0 0 1

E5 241, 0 0 1 1 1

|

(F3.0) (12) (I2) (12) (12) )

SECOND LEVEL  etc. |

'!

|

!

Y‘

N e

L5




6.0 Yrint-oul, Hequircments

The print-out of results for the FHASE IV C prozrem consists of
two sections. The first consists of a header identical to that specified
in the PHASE IV A program, with the cxception of the last Lwo lines containing W
information on calculations that are no longer executed here. There are
only two variables that should be printed instead, These are the LEAW CHT. I
OF ZZRO CR. and the MEAN OF AV. EV. RISFS. corresponding to HAV as specified
by 4.3 and XAVAV as specified by 4.2 above. f

The second print-out consists of the results from the peak- 4
identification stratesy., An example is given in TABLE I. |

The print-out of the variables is executed by the subprogram
LATNCl.’ This program is flow-charted in Fig. 3 and scans the arrays IRL1 to
TRL3 for non-zero values. If a non-zero value is debected, the subprogram |
computes the "latency" as E(I) = (J ~ 1/2). [\ T and also remembers the W

index J for which a non-zero value in the IRL arrays occurrcd by substituting

IE(J) = J. ]
The print-out, as shown in TABLE I, is therefore as follows: .For

4
I=1,2 ...5 J=1I8(I) and !
|

"LATENCY™ | M,SBC.! MRULE 1% "RULE 2" "RULE 3" "TOTAL"

| "L E(T) TRLL(J) IRL2(J) IRL3(J) £n§1(gg ¥ 1mr2(d)
: RL, J/ .




7.0 Swmary of Program Seguence

—r ~ t
D g, o— e AT o
i maeiteatiostsBuhatinamesall e
e T T e
gy i

RTAD CONTROL CARDS

TRAN - T iepey’

i
AT= 6.0

e et e i e et

AN

READ DATA SELECTIVELY

g i

AVERAGE AND ZERO CROSSING
ANALYSTS.
PRINT HEADER

FIRST EXCLEDANCE CALC.

s
e ——e S S

CALL EVENT 1

PRINT "FIRST LEVEL" . i

CALL LATNCL and PRINTI

SECOMD EXCEEDANCE CALC. }

CALL EVENT 1 E

|

- |

PRINT "SECND. LEVEL® |

\ CALL LATNC1 and PRINT .
; .
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Avpendix T17

Sracimen Coriputer Readout of fnalysed AED Data

e - —————- S————

VISUAL EVOKED RESPONSE EEG AMALYSIS, TYPUL.A, TDENTIFICATICN CODE 2,1

MEAN OF AV, BEV. RESPS. = ~71L52E-Cl, MEAN CNT. OF ZERO CR. = 0,30714E+02

y
‘ FIRST LEVEL
LATZNCY M. SEC RULE 1 RULE 2 RULE 3 TOTAL
El 33, 1 0 0 1
k2 93. 5 0 0 5 |
E3 183. 2 0 0 2
Bl 0. 4] 0 0 0
E5 0. 0 0 0 0
.z,
|
f {
i,
l _l




